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I. Introduction
Tomato (Solanum lycopersicum L.) botanically referred to the family Solanaceae is one of the most important and popular vegetable crop. Food value of tomato is very rich because of higher contents of vitamins A, B and C including calcium and carotene (Bose and Som, 1990) . Tomato contains 94 g water, 0.5 g minerals, 0.8 g fibre, 0.9 g protein, 0.2 g fat and 3.6 g carbohydrate and other elements like 48 mg calcium, 0.4 mg iron, 356 mg carotene, 0.12 mg vitamin B-1, 0.06 mg vitamin B-2 and 27 mg vitamin C in each 100 g edible ripen tomato (BARI, 2010) . Bangladesh is producing a good amount of tomatoes and it is cultivated in almost all home gardens and also in the field due to its adaptability to wide range of soil and climate (Bose and Som, 1990) . In Bangladesh it is mainly cultivated as winter vegetable, which occupies an area of 58,854 acres in 2011-12 with the total production of tomato was 190 thousand metric tons (BBS, 2013) . Due to increasing consumption of tomato products, the crop is becoming promising. In Bangladesh, the yield of tomato is not enough satisfactory in comparison with other tomato growing countries of the World (Aditya et al., 1997) . Tomato is susceptible to insect pests and all parts of the plant including leaves, stems, flowers and fruits are subjected to attack. This crop is mainly attacked by Tomato Fruit worm, Potato Aphid, Stink Bugs and Leaf footed Bugs, Hornworms, Silver leaf, Whitefly etc. Among them tomato fruit borer Heliothis armigera (Hub.) is one of the major pests of tomato and damage by this pest may be up to 85-93.7% (Haque, 1995) . With the increasing threat of resistance in H. armigera towards a wide range of pesticides, the necessity to design future pest management strategies to control this pest becomes more apparent. In Bangladesh, very few research works have been done mainly on cultural, mechanical, biological control by parasitoid and pathogens, development of resistant varieties sex pheromone, and use of botanical insecticides etc. Chemical control is generally being practiced for the management of insect pests. It has many limitations and side effects; it is not only expensive but also exerts some hazards to environment and human health. The indiscriminate use of pesticides causes phytotoxicity and destruction of beneficial organisms such as predators, parasitoids, microorganisms and pollinators . Over the years, the entomologists are working to find ecologically sound and environmentally safe method for pest control (Bari and Sardar, 1998) . Management of tomato pests by adopting chemical, biological and mechanical is difficult, uneconomic and hazardous to environment . Breeding plants, which are resistant to the insect vector, although they may be susceptible to the virus can restrict virus damage . Economically viable management has not been achieved regularly in most areas where Gemini viruses infect tomato. Many workers explored the prospect of minimizing viral diseases by manipulating planting dates (Shaheen, 1983; Ioannou and Iordanou, 1995) . The tomato fruit borer is difficult to control as it is a borer pest and has developed resistance to insecticides in many different countries. So far, very little efforts have been made to develop alternate approaches for the management of insect pests of tomato. Among available control methods, cultural method is considered to be the safest and environment friendly. Cultural control is the deliberate manipulation of the environment to make it less favorable for the pests by disrupting the reproductive cycle, eliminating their food or by making it more favorable for their natural enemies. This is a prophylactic measure of pest control. Many cultural practices can be usually employed in an IPM scheme such as sanitation or destruction of debris, destruction of alternate hosts and volunteer plants, changing dates of planting and harvesting to avoid pest attack, crop rotation to avoid building up of pests, tillage practices, habitat diversification, cropping system or intercropping, plant density, trap crops or trap logs, water management, etc. (Luckmann and Metcalf, 1975) . Variation in sowing or planting date has been found to influence the incidence of many crop pests in the field (Husain and Begum, 1994) . So, time of planting is a very important factor for tomato production (Haque et al., 2001) and it ensures to get optimum yield (Islam et al., 1991) . Late planting reduces the number of mature fruits and reduces yield. Early harvest ensures higher income, as the market price of early crops is generally higher (Anonymous, 1989 ). Under the above perspective, the combination of planting dates and mechanical support has been thought to be environment friendly option for the management of insect pests of tomato and the present research work has been undertaken to find out the most suitable planting date and mechanical support for avoiding insect pest of tomato to determine the most suitable planting date and mechanical support on the growth and yield of tomato.
II. Materials and Methods
The experiment was conducted in the field of Sher-e-Bangla Agricultural University farm, Sher-e-Bangla Nagar, Dhaka during the period from November 2013 to April 2014. BARI Tomato 5 was used as planting material. The experiment was consisted of nine treatments, i.e., T1: Planting at 25 
III. Results and Discussion
Number of white fly At vegetative, flowering, fruiting, ripening stage and subsequently the entire growing period statistically significant variation was recorded in terms of number of whitefly and fruit borer plot -1 in tomato due to different planting dates and mechanical support under the present experiment. At vegetative stage, minimum number of white fly plot -1 (2.27) was recorded from the treatment T5 (Planting at 10 December + Horizontal mechanical support) which was statistically similar (2.47) with T6 (Planting at 10 December + Vertical mechanical support) and closely followed (2.80 and 3.00, respectively) by T2 (Planting at 25 November + Horizontal mechanical support), T3 (Planting at 25 November + Vertical mechanical support), T1 (Planting at 25 November + No support) and T4 (Planting at 10 December + No support), respectively (Table 01 ). On the other hand, the maximum (5.67) number of white fly plot -1 was found from T7 (Planting at 25 December + No support) which was followed (4.40 and 3.80) by T9 (Planting at 25 December + Vertical mechanical support) and T8 (Planting at 25 December + Horizontal mechanical support), respectively. Brown and Bird (1992) pointed the increased prevalence as well as expanded distribution of whitefly borne viruses during the last decade and resulting devastating impact on crop growth and yield. At flowering stage, minimum number of white fly plot -1 (8.53) was recorded from the treatment T5 which was statistically similar (8.73, 9.27 and 9.73, respectively) with the treatment T6, T2 and T3 and closely followed (10.40 and 10.53, respectively) by T1 and T4, while the maximum (16.53) was recorded from the treatment T7 which was closely followed (12.60) by T9 treatment (Table 01) . At fruiting stage, minimum number of white fly plot -1 (5.87) was recorded from the treatment T5 which was statistically similar (6.00, 6.40, 6.60 and 7.20, respectively) with the treatment T6, T2 and T3 and T4 and closely followed (7.87) by T1, whereas the maximum (11.53) number of white fly plot -1 was recorded from the treatment T7 which was closely followed (8.67) by T8 and T9 treatment (Table 01) . White flies are very small, fragile and active insects and this pest showed their existence in the tomato field from vegetative to ripening stage (Parihar et al., 1994) . At entire growing season, minimum number of white fly plot -1 (16.67) was recorded from the treatment T5 which was statistically similar (217.20) with the treatment T6 and closely followed (18.47) by T2, whereas the maximum (33.73) number of white fly plot -1 was recorded from the treatment T7 which was closely followed (25.67) by T9 treatment. During 1993-95, field experiments were carried out on the incidence of whitefly, B. tabaci and Tomato leaf curl virus (Tomato yellow leaf curl geminivirus) disease of tomato in Assam, India. The lowest disease incidence and whitefly population was recorded in the crop planted from October 10 to November 25. As the planting date advances the disease incidence and whitefly population increased while the fruit yield decreased (Borah and Bordoloi, 1998). Number of fruit borer Significant variation was recorded for number of bruit borer plot -1 in tomato due to different planting dates and mechanical support at fruiting and ripening stage and also subsequently the entire growing period. At fruiting stage, minimum number of fruit borer plot -1 (6.40) was recorded from the treatment T5 which was statistically similar (6.87 and 7.00, respectively) with the treatment T6 and T2 and closely followed (7.40 and 7.53, respectively) by T3 and T4, respectively, whereas the maximum (13.13) number was recorded from T7 which was closely followed (9.20 and 8.80) by T9 and T8 treatment, respectively (Table 01) . At ripening stage, minimum number of fruit borer plot -1 (2.00) was recorded from the treatment T5 which was statistically similar (2.67) with the treatment T6 and closely followed (2.80 and 3.07, respectively) by T2 and T3, while the maximum (7.80) number of fruit borer plot -1 was recorded from the treatment T7 which was closely followed (4.80 and 4.47) by T9 and T8 treatment, respectively (Table 01 ). Tomato fruit borer, H. armigera (Hub.) is one of the serious pests attacking tomato (Singh and Singh, 1977) . Parihar and Singh (1986) in India showed that, the larval population of H. armigera on tomato was low until the first week of February and increased rapidly thereafter, reaching a peak in the last week of March. In the last week of April, population declined to 4 larvae/10 plants. At entire growing season, minimum number of fruit borer plot -1 (8.40) was recorded from the treatment T5 which was statistically similar (9.54) with the treatment T6 and closely followed (9.80 and 10.47, respectively) by T2 and T3, respectively, whereas the maximum (20.93) number of fruit borer plot -1 was recorded from the treatment T7 which was closely followed (14.00 and 13.27) by T9 and T8 treatment, respectively (Table 01) .
Effect of different treatments on fruit infestation of tomato
Healthy, infested fruits and infestation percentage of tomato were recorded at early, mid, late harvesting periods and subsequently for total harvesting period and significant variation was found for different treatment.
At early fruiting stage
At early fruiting stage of tomato in number basis, the healthy fruit plant -1 was highest (9.73) in T5 treatment which was statistically similar (9.53) with T6 and closely followed (9.20) by T2, while the lowest (6.67) number in T7 which was closely followed (7.47) by T9 treatment. The highest number of infested fruit plant -1 (0.80) was recorded in T7 treatment which was statistically similar (0.60) with T9 and closely followed (0.53 and 0.40, respectively) by T8 and T4, respectively, whereas the lowest number of infested fruit (0.27) in T5 treatment which was statistically identical (0.33) with T2, T3 and T6, respectively. The highest percentage of infested fruit in number (10.65%) was recorded in T7 treatment which was followed (7.45%, 6.14% and 5.94%, respectively) by T9, T8 and T1, respectively, while the lowest percentage of infested fruit in number (2.67%) was recorded in T5 treatment which was statistically similar (3.39%, 3.50%, 3.61% and 4.42%, respectively) with T6, T2, T3 and T4, respectively (Table 02) . Sutton (1991) reported aphids, whitefly, as the major pest of vegetative stages and could cause 20-40% yield loss. At early fruiting stage of tomato in weight basis, the healthy fruit plant -1 was highest (915.70 g) in T5 treatment which was statistically similar (913.79 g, 910.64 g, 898.02 g and 883.82 g, respectively) with T6, T2, T3 and T4, respectively and closely followed (863.14 g) by T1, whereas the lowest (794.17 g) weight was recorded in T7 which was closely followed (842.66 g and 850.55 g, respectively) by T9 and T8 treatment, respectively. The highest weight of infested fruit plant -1 (97.89 g) was recorded in T7 treatment which was closely followed (75.96 g and 72.33 g, respectively) by T9 and T8, respectively, while the lowest weight of infested fruit (41.63 g) in T5 treatment which was statistically identical (44.44 g and 45.68 g, respectively) with T6 and T2, respectively. The highest percentage of infested fruit in weight (10.99%) was recorded in T7 treatment which was followed (8.29% and 7.84%, respectively) by T9 and T8, respectively, while the lowest percentage of infested fruit in weight (4.35%) in T5 which was statistically similar (4.64% and 4.77%, respectively) with T6 and T2, respectively (Table 02) .
At mid fruiting stage
At mid fruiting stage of tomato in number basis, the healthy fruit plant -1 was highest (10.27) in T5 treatment which was statistically similar (10.07) with T6 and closely followed (9.87) by T2, while the lowest (7.40) number was recorded in T7 treatment which was closely followed (8.20) by T9 treatment. The highest number of infested fruit plant -1 (1.00) was recorded in T7 treatment which was statistically similar (0.87) with T9 and closely followed (0.80 and 0.73, respectively) by T8 and T1, respectively, whereas the lowest number of infested fruit (0.33) was recorded in T5 treatment which was statistically identical (0.40) with T2 and T6, respectively. The highest percentage of infested fruit in number (11.92%) was recorded in T7 treatment which was followed (9.57%, 8.51% and 7.67%, respectively) by T9, T8 and T1, respectively, while the lowest percentage of infested fruit in number (3.13%) was recorded in T5 treatment which was statistically similar (3.82% and 3.90%, respectively) with T6 and T2, respectively (Table 03) 89 g, respectively) with T6, T2, T3 and T4, respectively and closely followed (926.00 g) by T1, while the lowest (826.40 g) weight was recorded in T7 treatment which was followed (903.19 g and 913.29 g, respectively) by T9 and T8 treatment, respectively and they were statistically similar. The highest weight of infested fruit plant -1 (119.13 g) was recorded in T7 treatment which was closely followed (96.47 g) by T9, whereas the lowest weight of infested fruit (46.48 g) was recorded in T5 treatment which was statistically identical (48.19 g and 49.40 g, respectively) with T6 and T2, respectively. The highest percentage of infested fruit in weight (12.62%) was recorded in T7 treatment which was followed (9.65%) by T9, whereas the lowest percentage of infested fruit in weight (4.50%) was recorded in T5 treatment which was statistically similar (4.68% and 4.82%, respectively) with T6 and T2, respectively (Table 03) . 
At late fruiting stage
At late fruiting stage of tomato in number basis, the healthy fruit plant -1 was highest (11.67) in T5 treatment which was statistically similar (11.47) with T6 and closely followed (11.07) by T2, while the lowest (7.67) number was recorded in T7 treatment which was closely followed (8.33) by T9 treatment. The highest number of infested fruit plant -1 (0.87) was recorded in T7 treatment which was statistically similar (0.80 and 0.73, respectively) with T9 and T8, respectively and closely followed (0.60) by T1, whereas the lowest number of infested fruit (0.27) was recorded in T5 treatment which was statistically identical (0.33 and 0.40, respectively) with T6 and T2, respectively. The highest percentage of infested fruit in number (10.15%) was recorded in T7 treatment which was statistically similar (8.77%) with T9 and followed (7.31%) by T8, whereas the lowest percentage of infested fruit in number (2.22%) was recorded in T5 treatment which was statistically similar (2.82% and 3.49%, respectively) with T6 and T2, respectively (Table 04) . At late fruiting stage of tomato in weight basis, the healthy fruit plant -1 was highest (951.25 g) in T5 treatment which was statistically similar (947.91 g, 940.15 g, 924.37 g, 914.85 g and 902.83 g, respectively) with T6, T2, T3, T4 and T1, respectively and closely followed (895.22 g) by T8, while the lowest (823.53 g) weight was recorded in T7 treatment which was followed (885.35 g) by T9. The highest weight of infested fruit plant -1 (98.27 g) was recorded in T7 treatment which was closely followed (88.57 g) by T9, whereas the lowest weight of infested fruit (41.67 g) was recorded in T5 treatment which was statistically identical (43.43 g and 45.77 g, respectively) with T6 and T2, respectively. The highest percentage of infested fruit in weight (10.66%) was recorded in T7 treatment which was followed (9.08%) by T9, whereas the lowest percentage of infested fruit in weight (4.21%) was recorded in T5 treatment which was statistically similar (4.39% and 4.65%, respectively) with T6 and T2, respectively (Table 04) . Jitender et al. (1999) conducted the estimation of avoidable yield loss due to fruit borer, H. armigera, in tomato (cv. Roma) planted at three dates (first week each of April, May and June), during 1993 and 1994, in Kullu valley, Himachal Pradesh, India, showed that in crop transplanted in the first week of April yield loss to the extent of 105.29, 76.02 and 57.02% could be avoided by giving three sprays of acephate (0.05%), fenvalerate (0.01%) and endosulfan (0.05%), respectively. At total fruiting stage At total fruiting stage of tomato in number basis, the healthy fruit plant -1 was highest (31.67) in T5 treatment which was statistically similar (31.07) with T6 and closely followed (30.13 and 29.27, respectively) by T2 and T3, respectively, whereas the lowest (21.73) number was recorded in T7 treatment which was closely followed (24.00) by T9 treatment. The highest number of infested fruit plant -1 (2.67) was recorded in T7 treatment which was followed (2.27 and 2.07, respectively) by T9 and T8, respectively, while the lowest number of infested fruit (0.87) was recorded in T5 treatment which was statistically identical (1.07 and 1.13, respectively) with T6 and T2, respectively (Table 04 ). The highest percentage of infested fruit in number (10.93%) was recorded in T7 treatment which was followed (8.64%) by T9, whereas the lowest percentage of infested fruit in number (2.66%) was recorded in T5 treatment which was statistically similar (3.32% and 3.62%, respectively) with T6 and T2, respectively. At total fruiting stage of tomato in weight basis, the healthy fruit plant -1 was highest (2852.14 g) in T5 treatment which was statistically similar (2843.92 g, 2826.09 g and 2793.54 g, respectively) with T6, T2 and T3, respectively and closely followed (2746.56 g) by T4, while the lowest (2444.09 g) weight was recorded in T7 treatment which was statistically similar (2631.19 g and 2659.05 g, respectively) by T9 and T8, respectively. The highest weight of infested fruit plant -1 (315.29 g) was recorded in T7 treatment which was closely followed (261.01 g) by T9, whereas the lowest weight of infested fruit (129.78 g) was recorded in T5 treatment which was statistically identical (136.06 g) with T6. The highest percentage of infested fruit in weight (11.43%) was recorded in T7 treatment which was followed (9.03%) by T9, whereas the lowest percentage of infested fruit in weight (4.35%) was recorded in T5 treatment which was statistically similar (4.57%) with T6 (Table 04 ). The tomato fruit borer, H. armigera has been identified as a major pest of tomato in many countries of the world and cause damage to the extent of about 50-60 per cent fruits (Singh and Singh, 1977) . Gupta et al. (1998) found that infestations were heaviest (17.88%) in March-April and lightest in JanuaryFebruary.
Yield contributing character and yield of tomato
Yield contributing characters and yield of tomato were recorded and statistically significant variation was recorded for different treatment under the present experiment in Table 05 .
Plant height
Plant height of tomato showed significant differences for different planting dates and mechanical support under the present trial. The longest plant (96.33 cm) was recorded in T5 which was statistically similar (94.44 cm, 93.82 cm, 93.22 cm, 91.70 cm and 91.47 cm, respectively) with T6, T2, T3, T4 and T1 treatment, respectively and followed (86.60 cm) by T8 treatment, while the shortest plant (77.71 cm) was found in T7 treatment which was statistically similar (82.29 cm) with T9.
Number of leaves plant -1
Number of leaves plant -1 of tomato showed significant differences for different planting dates and mechanical support. The maximum number of leaves plant -1 (125.27) was recorded in T5 treatment which was statistically similar (124.20, 122.87, 121.40, 119.27 and 118.27 and 111.47, respectively) with T6, T2, T3, T4, T1 and T8 treatment, respectively, whereas the minimum number (102.93) was found in T7 treatment which was statistically similar (109.13) with T9 treatment.
Number of branches plant -1
Number of branches plant -1 of tomato showed significant differences for different planting dates and mechanical support under the present trial. The highest number of branches plant -1 (17.27) was recorded in T5 which was statistically similar (16.67 and 16.60, respectively) with T6 andT2 treatment, respectively and closely followed (15.20, 15.13 and 14.60) by T3, T4 and T1 treatment, respectively, whereas the lowest number (12.33) was found in T7 treatment which was statistically similar (13.40 and 14.13, respectively) with T9 and T8, respectively.
Number of flower bunch plant -1
Number of flower bunch plant -1 of tomato showed significant differences for different planting dates and mechanical support under the present trial. The maximum number of flower bunch plant -1 (17.27) was recorded in T5 which was statistically similar (16.67 and 16.60, respectively) with T6 andT2 treatment, respectively, whereas the minimum number (12.33) in T7 which was statistically similar (13.40 and 14.13, respectively) with T9 and T8 treatment, respectively.
Number of flower bunch -1
Number of flower bunch -1 of tomato varied significantly for different planting dates and mechanical support under the present trial. The maximum number of flower bunch -1 (7.27) was recorded in T5 which was statistically similar (7.00) with T6 treatment and closely followed (6.60 and 6.33, respectively) by T2 and T3 treatment, respectively, whereas the minimum number (5.07) in T7 which was closely followed (5.60 and 5.87, respectively) with T9 and T8, respectively.
Individual fruit weight (g)
Individual fruit weight of tomato showed significant differences for different planting dates and mechanical support under the present trial. The highest single fruit weight (95.15 g) was recorded in T5 which was statistically similar (94.89 g, 94.49 g, 93.67 g, 93.52 g, 92.57 g and 91.02 g, respectively) with T6, T2, T3, T4, T1 and T8 treatment, respectively, whereas the lowest weight (82.68 g) was found in T7 treatment which was statistically similar (88.56 g) with T9. 
IV. Conclusion
Planting at 10 December with the method of horizontal mechanical support was more effective for reduction of insect pest of tomato and also for highest yield which was followed by planting at 10 December with the method of vertical mechanical support.
